The evaluation of urban land use efficiency (ULUE) plays an important role in achieving the sustainable use of land resources. Illustrated with an empirical study on the evaluation of ULUE of 13 cities in Jiangsu, China, this paper develops an efficiency evaluation approach for measuring the ULUE with respect to interacting sustainability-related criteria, using bipolar measurement. The approach incorporates the merits of the decision-making trial and evaluation laboratory method, a new causal-effect analysis process, the Bi-TOPSIS method, and convergence models. As such, this paper addresses three important issues: (a) how to identify key criteria and their interactions for evaluating the ULUE of cities; (b) how to obtain the ULUE performances of cities, with benchmarks that clearly demarcate 'satisfactory' from 'unsatisfactory' performances, and (c) how to measure the dispersion of the ULUE performances across cities over time. The results from the empirical study suggest that the ULUE of most Jiangsu cities is below the city planner's expectation. The ULUE of Central Jiangsu cities is better than their neighboring cities, and the cities with low ULUE tend to catch up with higher ULUE cities. However, the gaps between their ULUE performances will still exist. Each city's ULUE performance can only converge to its own steady state over time. To help cities achieve a better ULUE performance, policy suggestions are recommended.
Introduction
Land is an essential but limited natural resource and urbanization is one of the major land uses (Liu, 2018; Yang et al., 2018) . Human demand for rapid urbanization and urban spatial layout exerts pressure on land resources and induces consequent degradation of land quality and ecosystems (Liu et al., , 2018a Wang et al., 2018) . As shown in Fig. 1 , the urban population of China has soared from 172.45 million to 792.98 million over the past few decades. Accordingly, the urbanization rate has increased from 17.92% of the total population, to 57.35% (China Statistical Yearbooks, 1979 . This rapid urbanization brings remarkable economic achievement in terms of the growth of the gross domestic product (GDP), the scale of industrial park construction, the scale of trade, and productivity (Bakirtas and Akpolat, 2018; Gao et al., 2017; Liu et al., 2016; Paulsen, 2013) . According to the National Bureau of Statistics of China, the GDP of China increased from 367.87 billion yuan (1978) to 74 trillion yuan (2016) . The number of national industrial park increased from 14 (1986) to 219 (2015) . The total merchandise export trade increased from 474.29 (2000) billion to 3684.91 billion (2016) . Meanwhile, urbanization makes people move from rural areas to urban areas (Cheng et al., 2019; Liu and Li, 2017) , and the increased urban population was mostly constituted by emerging labor force, resulting in industrial development and improved production efficiency (Liang and Yang, 2019) .
However, the growing urban population significantly increases the demand for land resources (Liu, 2018) . The result is extensive use of urban land. Land-related incomes (e.g. land finance and land transfer) make up a large proportion of local governments' total revenue (Bai et al., 2014; Lian et al., 2019; Wu et al., 2015) . The pursuit of attractive government revenue further stimulates the extensive use of urban land. A large amount of agricultural land and ecological land is transformed into urban construction land. In 2015, the country's arable land area was reduced by 301,700 ha, a large portion of which was used for construction.
The rapid and uncontrolled transformation of land leads to inefficient use of land resources and causes serious environmental and social problems (Zhang et al., 2007) . With limited land resources, the current rapid rate of urbanization and extensive utilization is not a sustainable pattern for urban development. Land use efficiency in urban areas has become a major concern for the city planner during the current urbanization and urban sprawl process (Tu et al., 2014) .
Improving urban land utilization efficiency is important if the country is to achieve sustainable land management and social-economic development (Choy et al., 2013; Hans Hurni, 2000; Meng et al., 2008) . For example, Lin and Hülsbergen (2017) combined the land use efficiency and agricultural environmental indicators to ensure efficient and sustainable land use in Southern Germany. van Zanten et al. (2016) developed a land use ratio to measure the land used efficiency for livestock systems with the comparison of the land used for food crop production in Netherlands. Tichenor et al. (2017) enhanced the land use ratio by integrating geospatial data for crop suitability to assess the land use efficiency of beef systems in the USA. (Selvaggi et al., 2018) assessed the land efficiency of biomethane industry in Sicily, Italian.
Greater efficiency will help the city planner manage and allocate land resources from an ecological perspective (Salley et al., 2016) , thus improving both the urban economies and ecosystem (Camacho and Pérez-Barahona, 2015) . An essential key to improving urban land use efficiency (ULUE) is to implement an effective evaluation approach (Meng et al., 2008; Chen et al., 2016) . Current research into ULUE evaluation mainly focuses on land efficiency calculations, using a single indicator (such as the output of unit land) from a corporate perspective (Huang et al., 2016) , an industry perspective (such as the floor area ratio) (Liu et al., 2018b; Tu et al., 2014 ) and a regional perspective (such as the per capita built-up area) (Nguyen Xuan Thinh et al., 2002) . With the ever-growing awareness of the need to achieve sustainable urban land management, attentions are drawn to studies that identify sustainability-related criteria from various sustainability perspectives (e.g. economic, environmental, and social) as means to evaluate cities' ULUE performance. Methods such as the analytic hierarchy process (Dos Santos et al., 2019; Kong et al., 2011) , principal component analysis (Mahmoudi et al., 2019; Zhang et al., 2011) , input-output analysis (Saikku and Mattila, 2017) , and weighted average method are often applied. Sustainability-related criteria are often considered interdependent in the ULUE evaluation methods proposed in existing studies. However, synergy and redundant interactions are also often identified as being included in ULUE evaluation criteria (Peng et al., 2016) . That is, the combined effect of criteria is greater or less than the sum of each criterion's individual effects (Corrente et al., 2016) . Such interactions may influence the evaluation outcomes. It is thus advisable to incorporate the synergy and redundant interactions in an ULUE evaluation.
In an ULUE evaluation, the criteria are often measured on a unipolar scale, valued with positive numbers, and normalized into a unipolar interval [0, 1]. However, it is necessary to incorporate the city planner's expectations in the ULUE evaluation. This is done by indicating a benchmark level to demarcate "satisfactory/good" from "unsatisfactory/bad" performances. To achieve this, a bipolar scale (e.g. [-1, 1] ) is proposed, which clearly provides a neutral value (e.g. zero) to demarcate "satisfactory/good" from "unsatisfactory/bad" performances. This is done by using positive and negative values, respectively, thus enhancing the interpretability of the evaluation results Labreuche, 2005a, 2005b) . To the best of our knowledge, the use of a bipolar scale for performance measurement in ULUE evaluations has not yet been addressed.
This study focuses on evaluating the ULUE performances of urban cities; the aim is to achieve sustainable land management. With the ULUE evaluation results, the city planner is able to compare various cities' ULUE performances and identify the disparities and convergence trends in the use of land resources. The resulting information will facilitate policy-making relating to land distribution and regional development. In particular, the study will fill the abovementioned gaps by addressing the following three research questions:
(a) How can the key sustainability-related criteria and their interactions for evaluating the ULUE of urban cities be identified? (b) How can the ULUE of urban cities be evaluated with respect to interacting sustainability criteria with bipolar measurement? (c) What are the disparities and convergence trends of the ULUE across urban cities over time?
To address these three research questions, this paper develops an efficiency evaluation approach by incorporating the decision making trial and evaluation laboratory (DEMATEL) method with a new casualeffect analysis process, the Bi-TOPSIS method, and two convergence models. Addressing the three abovementioned research questions makes methodological and practical contributions to sustainable urban land management. Methodologically, the approach provides a structured way to identify the key sustainability-related criteria for ULUE evaluation through a casual-effect analysis process. This approach also incorporates synergy and redundant interactions between criteria into the assessment of the overall ULUE performances. Practically, the approach is able to demarcate satisfactory from unsatisfactory performances against given benchmarks. The proposed approach can also measure the disparity and convergence trends of cities over a given period of time, thus facilitating the policy making of the city planner. Fig. 2 shows the framework and key processes in the efficiency evaluation approach. Process I uses the causal-effect analysis and the DEMATEL method to identify sustainability-related criteria for evaluating the ULUE. A three-level ULUE evaluation system is then established by constructing an upper dimension-level and a lower indicatorlevel, based on the identified criteria. Process II applies the Bi-TOPSIS method, equipped with the bi-capacity concept, to model the interactions between the criteria and obtain an overall ULUE performance for an urban city. Process III develops two convergence models to identify the dispersion of the efficiency levels across cities over time.
The efficiency evaluation approach

Process I: establish an ULUE evaluation system based on identified sustainability-related criteria
Step 1.1: Identify the influencing factors (F 1 , …, F n ) of the ULUE evaluation from various sustainability perspectives.
Step 1.2: Conduct a causal-effect analysis of the influencing factors and obtain an initial direct-relation matrix = 
indicates the level of direct influence of the factor F i on the factor F j (i = j, x ij = 0).
The DEMATEL method is widely used to prioritize the structural modelling relationships between factors (Lin, 2013; Zhou et al., 2011) . Expert opinions are often used to define the causal relationships between factors. In an ULUE evaluation where a large number of factors are involved, the direct elicitation of experts' subjective opinions on the relationships between factors may be difficult or inconsistent. To solve this problem, a new casual-effect analysis process is developed to obtain the influence degree x ij between two factors by: 
where x ij (i =1, 2, …, n; j = 1, 2, …, n; i ≠ j) indicates the level of direct influence of the factor F i on the factor F j (i = j, x ij = 0); u ij is the number of studies on ULUE evaluation which clearly indicate the causal-effect relationship between F i and F j . Eq. (1) converts the number of studies u ij to a score x ij , where x ij = {0, 1, …, 9}, indicating the degree of influence (e.g. 9 for strong influence, 0 for no influence). The rationale behind this causal-effect analysis process is that, the more studies there are that indicate the causal-effect between two factors, the stronger and more likely this relationship will be. The initial direct-
ij n n can then be obtained based on x ij .
Step 1.3: Normalize the direct-relation matrix, resulting in a nor-
ij n n by dividing the matrix X with its maximum row sum (Addae et al., 2019) .
Step 1.4: Calculate the synthetic relation matrix
ij nxn by G*(I-G) −1 and I is the identity matrix (Lin, 2013) .
Step 1.5: Calculate the cause index (CI i ) for factor F i by abstracting its column sum from its corresponding row sum (Addae et al., 2019) .
A factor F i (i = 1,…, n) is a cause (or effect) factor if its cause index CI i is positive (corres. negative). Cause factors are critical, as they can affect the effect factors (Lin, 2013; Zhou et al., 2011) . The cause factors are then used as the criteria for the ULUE evaluation.
When no avaliable data could be used to directly describe the criteria, a set of indicators is identified to quantitatively measure each criterion. Three types of indicators may be used for the measurement, including the benefit-based indicators (the greater the value, the better the performance), the cost-based indicators (the greater the value, the worse the performance), and the moderate indicators (the closer the value to the threshold value, the better the performance).
To better manage a large amount of criteria, the criteria can also be categorized into a number of dimensions. Suppose that a set of cities to be evaluated is represented by O = {o 1 , o 2 , …, o s }, and the evaluation system involves three levels: a dimension level D = {d 1 , d 2 , …, d i }, where d i means the ith dimension; a criteria level C = {c 11 , c 12 , …, c ij }, where c ij means the jth criteria under the ith dimension, and an indicator level A = {a 111 , a 112 , …, a ijk }, where a ijk means the kth indicator under criteria c ij , as shown in Fig. 3 .
Process II: obtain the overall ULUE performances with respect to interacting criteria measured on a bipolar scale
Dynamic evaluation can record the change trend of ULUE performances. Suppose the evaluation period set is T = {t 1 , t 2 , …, t T }. The assessment value of each city o l with respect to each indicator a ijk (criteria c ij and dimension d k ) at period t is represented by an indicator value v lijkt (a criteria value v lijt and a dimension value v lit for city o l ). Also, the overall ULUE performance of the city o l at period t is represented by LAND lt . To obtain the overall ULUE performances of different cities, the Bi-TOPSIS method is applied with the following steps:
Step 2.1: Normalize the indicator values. To make the indicators with different measurement units comparable, Eqs. (2)-(4) are applied, in order to normalize the indicator values. The elements of the normalized performance matrix R can be constructed as:
If a ijk is a benefit-based indicator, then L. Zhang, et al. Land Use Policy 90 (2020) 
If a ijk is a cost-based indicator, then
If a ijk is a moderate indicator, then
where z ijk is the benchmark value for indicator a ijk , r lijkt is the normalized value of indicator a ijk . With Eqs.
(2)-(4), the normalized indicator values could be positive, negative or 0. A positive (negative) value means the performance with respect to the corresponding indicator is above (corres. below) the benchmark, indicating the performance of a city has (or has not) satisfied the city planner's expectations.
Step 2.2: Determine the weights of indicators.
Given the synergy and redundant interactions between the indicators measured on the bipolar scale, the concept of bi-capacities is used to model their weights (Grabisch and Labreuche, 2005b) (Grabisch and Labreuche, 2005a) : For any disjoint subsets M, N or A ij , we denote µ M N ( , ) as the weight of the combined indicators (1M, −1N, 0(M∪N)c), representing that an alternative whose value is positive with respect to indicators in M, is negative with respect to all indicators in N, and is 0 otherwise, where (M∪N)c is the complement of M∪N (Zhang et al., 2017) .
To determine the weights (i.e. bi-capacities) of indicators, we assume that the interactions between the indicators can be measured with the coefficient λ. The λ bi-capacity is used to model the weights of indicators and their coalitions (Chiou et al., 2005; Tseng and Chiu, 2005) . To achieve this, the contribution (i.e. Shapley value) of each indicator is first determined with their coefficient of variation (Reed et al., 2002) . Then the λ bi-capacity of each indicator µ a ( , ) ijk or µ a ( , ) ijk can be determined by maximizing the Marichal entropy (Marichal, 2002) . The weights of any set of indicators under each criterion can then be determined according to the properties of the λ bicapacities defined in (Zhang et al., 2017) .
Step 2.3. Calculate the criteria value (v lijt ) of city o l under criterion c ij at period t by aggregating the identified λ bi-capacities of the indicators with the indicator values under c ij : ( 1)) ( ( 1) (1, 1, , 1) and = … Z
( 1, 1, , 1), respectively. Also, p lijkt = |r lijkt +1|, q lijkt = |r lijkt -1|, (lijkt) is the vector transformation of (p lij1t , p lij2t , …, p lijmt ) and (q lij1t , q lij2t , …, q lijmt ); make p (lij1t) ≤ p (lij2t) ≤…≤ p (lijmt) 
, and A (ij(m+1)) = .
Step 2.4 Determine the weights of criteria. Similar to Step 2.2, the weights of criteria and their coalitions will be determined first by obtaining the criteria contribution values (i.e. Shapley value) and their λ bi-capacities, then by using the properties of the λ bi-capacities.
Step 2.5. Obtain the dimension value (v lit ) of city o l at period t by Eq. (5), using the λ bi-capacities of the criteria and the criteria values under each dimension.
Step 2.6 Determine the weight of dimensions. Similar to Steps 2.2 and 2.4, the weights of dimensions and their coalitions will be determined first by obtaining the dimensions' contribution values (i.e. Shapley value) and their λ bi-capacities, then by using the properties of the λ bi-capacities.
Step 2.7 Obtain an overall performance value of city o l at period t (LAND lt ) by Eq. (5), using the λ bi-capacities of the dimension and the dimension values.
Process III: measure the dispersion of the ULUE performances across the selected cities
First introduced in measuring the disparity of per capita income in different regions, convergence models are able to calculate the disparity of urban industrial land use efficiency (Xie and Wang, 2015) . To investigate the disparity of the ULUE of urban cities, two convergence models, namely σ convergence and β convergence, are applied in the ULUE evaluation, in order to examine the convergence trends of the selected cities' ULUE performances. The σ convergence model is used to examine whether or not all cities' ULUE performances in a specific area will achieve a common steady state, given a period of time. If the σ convergence result is not statistically significant, the conditional β convergence model will be used to examine whether or not an individual city will converge to its own steady state. With the convergence result from the conditional β convergence model, the key indicators that affect the dispersion of the ULUE performances can also be identified.
The σ convergence for cities in period t is defined as follows (Quah, 1993) :
The conditional β convergence can be obtained by (Xie and Wang, 2015) :
where T is the study time period, and LAND lt and
are the overall ULUE performance of city o l in year t and t + T, respectively. Also, x lt h is the hth element that affects the convergence of city o l in period t;˜is constant and˜l t is a stochastic error;˜and h represent the coefficients. Conditional β convergence exists if˜is significantly negative.
Empirical study
As a Chinese province with a fast growing economy, Jiangsu is facing serious land problems. As shown in Fig. 4 , the urban population of Jiangsu increased by 55% (from 34.88 to 54.17 million) between 2003 and 2016. During the same period, the amount of land used for construction increased from 2104 square kilometers to 4367 square kilometers, representing a growth rate of 108%. The ratio of the growth rate of construction land to the population growth rate is 1.96 ( = 1.08/ 0.55), which is almost double the rate suggested by the China Urban Planning and Design Institute. From 2003 to 2016, the urban population density rate in Jiangsu dropped significantly, from approximately 1139 down to 883 people per square kilometer. The continuous decline in population density, however, has led to an increasing need for construction land per capita. The result has been unbalanced construction land expansion and population growth, excessive and inefficient land use, and social conflict in competition for land. Fig. 5 shows the administrative division of Jiangsu Province, where the 13 cities are divided into three regions. Environmental quality Quality of soil, water and atmosphere (Verburg et al., 2009) The speed of both the urbanization and industrialization of South Jiangsu's cities is much higher than that of the cities in Central and North Jiangsu. Consequently, the supply of land resources for urban construction in South Jiangsu cities is much greater than in Central and North Jiangsu cities. For example, in 2017, the supply of construction land in South Jiangsu was 8,550 ha, accounting for 60% of the total construction land supply of the province. In the same year, the construction land supply in North Jiangsu cities was 3,095 ha, accounting for 22% of the total supply. The supply of construction land in Central Jiangsu cities was 2,591 ha, accounting for only 18% of the total supply. Given the different urbanization speeds and land resource allocations, the city planner is eager to know whether a region or a city with a higher urbanization speed and greater land resources has better ULUE performance than the others. The evaluation of the ULUE for all Jiangsu cities is then conducted by using the proposed efficiency evaluation approach. The evaluation period in this study is set from 2003 to 2016, based on the availability of the necessary land management data from official sources, including the China Urban Statistical Yearbook (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) , the China Urban Construction Statistical Yearbook (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) and the Statistical Yearbook of Jiangsu Province (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) .
Process I of the approach is applied to establish the three-level ULUE evaluation system for identifying evaluation criteria, indicators, and dimensions. Eighteen factors that influence the ULUE performance are firstly collected through an in-depth review of existing studies, as shown in Table 1 .
By using Eq. (1), the causal-effect relationships between the 18 factors are determined by a total number of 60 studies. A direct influ-
ij n n can then be established, as shown in Table 2 .
By using Steps 1.3-1.5, the cause indexes for all 18 factors can be obtained, as shown in Table 3 . Indicated by an asterisk, 13 cause factors are identified and used as the key criteria for evaluating the ULUE performance of Jiangsu cities.
A set of indicators and their values are obtained from the abovementioned Statistical Yearbooks. As all the cities have the same land policy, F 8 has no differentiation power and will not be considered in the evaluation. With the triple-bottom-line sustainability concept, the criteria are categrized into economic, environmental, and social dimensions. Table 4 shows the three-level ULUE evaluation system. The last column of Table 4 shows the benchmarks with respect to each criterion indicated by China's "13th Five-Year Plan".
Based on Process II, the indicator values collected from the statistical yearbooks are normalized within the bipolar scale of [-1, 1] by Eqs.
(2) to (4). The normalized indicator values are then used to calculate the λ bi-capacity of the indicators, criteria, and dimensions, by using the concept of λ bi-capacity. Table 5 shows the results.
The overall ULUE performances of the 13 cities during the period from 2003 to 2016 can be calculated by Eq. (5). The cities are then ranked according to their overall performances. Table 6 shows the results.
Based on Table 6 , it is worth noting that (a) of the three regions of Jiangsu, the overall ULUE performances of the Central region cities are, relatively speaking, the highest, followed by the South region cities, then the Northern region cities. (b) The cities with the best/worst ULUE performance are Wuxi/Zhenjiang in the South region, Nantong/ Yangzhou in the Central region, and Xuzhou/Lianyungang in the North region. (c) Of all the sampled cities during the sample period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) , Nantong has the highest ULUE performance in most of the years. Conversely, Lianyungang, Huai'an and Suqian have the lowest ULUE performances in most years. Fig. 6 (a)-(c) show the changes in the overall ULUE performances of each of the sampled cities in each region during the sample period of 2003 to 2016. It is noteworthy that the ULUE performances of many cities are negative, indicating that their performances have not met the city planner's expectations. A small majority of the sampled cities (7 out of 13), experienced a sharp decline in their ULUE performances around 2010. This is because they experienced a large-scale urban expansion during that time. For example, Suzhou's overall ULUE performance dropped from -0.199 to -0.365 during the 2009 to 2010 period. Meanwhile, the urban area of Suzhou expanded from 1650 square kilometers to 3230 square kilometers. As shown in Fig. 6 (d) , there is an Table 2 The direct influence matrix X. upward trend in the average ULUE performance of each region, but the Central region has a distinct advantage over the other two. The dispersion of ULUE performances across cities over time can be calculated by using Process III. Table 7 shows the results of the σ convergence model for the 13 cities. It is noted that the results do not support σ convergence, indicating the dispersion of ULUE performances do not converge to a common steady state.
The conditional β convergence model is then applied to examine whether the ULUE performances of each city will converge to that city's own steady state. A significance test p value is conducted, in order to identify the indicators with strong influence on the conditional β convergence. As shown in Table 8 , two indicators are identified (given a p value of less than 5%) (Nooten et al., 2009) and acted as the inputs to the conditional β convergence model. The conditional β convergence result is -0.805, indicating that the dispersion of the cities' ULUE performances is gradually narrowing. In addition, a city's ULUE performances will converge to the city's own steady level. As shown in the last column of Table 8 , an increase in a 141 or a 321 , or a decrease in a 212 , a 241 , or a 333 will facilitate each city in Jiangsu to converge to its own steady level state.
Discussions
In comparison with existing ULUE evaluation approaches, the proposed approach provides a new way to build a three-level evaluation system for ULUE with a casual-effect analysis process. In addition, the proposed approach can handle the interactions between the sustainability-related criteria with bipolar measurement by using the bi-capacity theory. The evaluation result of the proposed approach can examine whether the ULUE of a city is above (or below) the city planner's expectation or not. The approach has a general applicability and can be applied to solve ULUE evaluation problems under different city contexts.
For the empirical study conducted, three significant evaluation results can be highlighted. First, the ULUE performances of many Jiangsu cities are under the city planner's expectation. Second, the ULUE performances of cities in Central Jiangsu are better than those of their south and north neighbors. Third, the cities with low ULUE tend to catch up with higher ULUE cities. The reasons for these results can be in South Jiangsu, implementing an effective urban expansion policy is necessary to improve their ULUE, whereas for cities in North Jiangsu, the policy should focus on adjusting the industrial structure rather than promoting rapid expansion. Policies that will reinforce the cooperation between cities in Jiangsu should be strengthened because they can effectively narrow the ULUE gaps of cities. L. Zhang, et al. Land Use Policy 90 (2020) 104292 The results of the empirical study conducted have highlighted three main strengths of the proposed approach. First, it handles the interactions between the criteria. Second, it provides a new way to build an evaluation system for ULUE. Third, it can clearly demarcate 'satisfactory' performances from 'unsatisfactory' performances. Despite these strengths, the proposed approach has two possible limitations. First, a large amount of data collection work may be needed to determine the causal-effect relationships between factors. Second, a great amount of calculation is needed to determine the weights of indicators, criteria and dimensions, if a large number of indicators are involved.
Conclusion
In this study, an efficiency evaluation approach has been proposed, in order to address three research questions encountered by the city planner when managing land resources. An empirical study on the land use efficiency of 13 cities in Jiangsu China has been conducted to illustrate the approach. The approach makes methodological and practical contributions to ULUE evaluation and sustainable urban land management.
Methodologically, the approach provides a new way to conduct causal-effect analyses for identifying sustainability-based criteria, modelling synergy and redundant interactions between the criteria and measuring their effect on overall ULUE performance. The approach allows the criteria values to be measured on bipolar scales, thus improving the interpretability of ULUE performance. In addition, equipped with two convergence models, the approach is able to identify the dispersion of ULUE performances across cities over time, as well as the key indicators with strong impact on the convergence trend.
In terms of practical contributions, the approach has demonstrated its effectiveness in evaluating cities' ULUE performances, identifying the spatial differences between the cities, and predicting the cities' convergence trends. The evaluation outcome will help the city planner to better manage and allocate their land resources.
One limitation of this study is that the evaluation period in the empirical study is fixed between 2003 and 2016. However, a dynamic evaluation, based on dynamic bi-capacities of criteria, could be useful for determining criteria weighting in different time periods. Future research will be conducted to incorporate dynamic bi-capacities into the ULUE evaluation. In addition, China is experimenting with newtype urbanization and rural revitalization, and the government could face many challenges (Bai et al., 2014) , which encourages future studies to investigate and identify specific decision settings of the ULUE evaluation for both cities and regional areas. Zhang, et al. Land Use Policy 90 (2020) 
